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Fart I. Model scui-es of protein hydration using the acoustic 1 - 27
“etﬁoa.

In this part of the study the acoustic method of hydration
measurement waf descrired and the results of hydration number
zesasurements for carvoxylic acids, amino ac ids amides, sugars,
clygepeptides and simple mag romolecules were given. The rumbers
of water molecules beound with the pa*t¢cula" functional groups

3

occurr~“g in proteins were dete rm¢ned. The existence of hydra-
tion of =2 kyl groups was provead, zeasurem nts in macromolecular
solutic“s using scoustic 2nd NMR methods showed that hydration
%as independent of the molecular weight of the polymers studied.

Part II, Investigation of hydration of casein and its fractions., 24-2§

Hydration for isoe’ectrwc casein ard <5, B8~ 7€ -casein frac-
tions was determined. The method of nrepa;aéiﬂn o? particular
cz2s2 fracticns wzs qe=*ricea. In this group of inv=s~igations
anratﬂcn measuren ents for sol¢ds-n ~7at total milk comporents
were elso perforzed. The measurementss did not show substantial

differences of n"‘ratio nuzber values for casein and its
frac*wona. I ) :

Part III, Model investigations of detergeant-casein intaractions. 29-45.
neasuvnvents %gre carrisd oul in casein-detergent systerm.
Investigations _were performed using three methods: acoustic,
sensometric and eguilidbrium diaslysis, )

deasuremenis shnowed that there axist interactions of a ayéro-
Phodic 'J”e Betwsen casein 2nd diffzrant Sypes of cat‘cnlc,
anionic and non~ionic detergents,
Fart IV, Invaestigasicns o the scuring grocess of noft a7 milk., L8-4f
The scuring process of zilk was studisd 27 use of ultSrasound
velocity and pH zeasurements,
investigztions comprised ulstrazscund velceisv and PE meesurexzents
of milk as 2 Juncwicn of stcrass Sime, 2s well 3as measursaoenss
fﬂr nilx S0 which 2cevsic acid or laestic acid was zcced.
The abov: was periormed wizh She zim of checking whesther %She
observed cranges °f ual3rascund velceiszy during she2 scuring

ccess of =2ilk zre gShe resuly of oE chsngas whizh 2re cauzed
bg tas '**’”erce oT zcids crezstad iuring She scuring zrocess

relse i they are %zs oesult oF 3shen izcidizg Tactors.
Hea=“*=m=n°3 indizatad Shat she cause of ulsraseound relocisy
changes near She trscinisacion ICi2T was she racrisnsatisn
Of casein micsllses znd order ini-zasa.,
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acoustic method.
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investigations of hydration of substances in an 2g
ronment. The advantage of this pavtlcular method o
£
v

Ultrasound interfercmetry can be a useful instrument fer

uegus envi-

method of nydration
number determination is.za great simplicity. The firss zethod

of determining hydration number using ultrasound velecity znd
density measurements vas proposed by Fessynsxy gbout fourty
years ago [1,2]. Pa%éyﬁsky-assumed that the decrszass of 350iu=-
tion compressibiliﬁj'is connected with the strong ccmpressicn
of water in en ionic field and that this decrease of compressi-
bility in solution is due %o hydration.

“e Found the following expression for determining the nvdratic
numbers of molecules in aqueous solution:

: : j4
e (1n B ) 95 ”

ala

“here (BT and ﬂPT are the iscthermal coefficients of coxpre-

ssipility of solution and solvent respectively, ® is ths

weight percent of the solute, M, is the molecular welght ot
' 1 lute,

she solvent and M5 is the melecular weight of the s¢

A1l of the remaining methods using ultra

sopr the determinzsicn of hydration numbde

exprssionLE - 19]. In deriving this expression Fss

assumed that an ion Soge

spessible. The other authors assumsd ionic Incompres
eT e
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Decause except for the nece sity of %aking into consideration

S
the compressivility of weter in the hydration shell, the
compressibility of the solute nas also 5o be considered,
Generally it was telieved that the small molecules of non-
-electrolytes are incompressible and the compressibility of
hydration water is equal to the compressibility of normal
ice EHD;V&. Thus, the hydration numbers of electrolytes and
non-slectrolytes obtzined by different authors on the basis
of different assumptions can not be btreated.zs real because
the possivility of experimental verification of these assump-
tions does not exist, Also in the other methods of the determi-
~nation of hydration nuzbers [5,6,21,22] 8.8, from the measure=-
ments of partial molar volures [23 - 30,33] s Viscosity [31,32]
mobility [32,34,35], selfdiffusion coefficients [36] , daielectric
cemstanss (37 - 41] , n.a.r. 9, 42 - 5] and activity coeffi-
cients E51 - 55] varied assumptions are accepted which can not
be verified experizmentally and the hydration numbers obtained
Dy these methods differ from ezch other sometimes markedly,
None of these metheds exept n.m.r. can be applied simultanec-
usly %o electrolybes, non~elsctrolytes and macromolscules.,

For these rsasons ths method of zmeasurezent of hydrstion
nurbers which ST Propesed by Yasunzga et,.al, E’] was
worked out. This msthed gives belisvable results for electro-
lytes as well 2s for non~-zlsctrolytes and macromolscules,

Using this methed the aydration of molecules can e determined
by ultrzsound veloclity measursments in alconol-water solutions.
It is xnowm {}7,58& tat the dapendenca of ultrascund velccity
as a function of alecchol concentoat

+

tion in waser-2lcohol mixtu-
res 1s parabolic and She maximum is 1y de2fined for sach
temperature, The diffarencsa tetween
©f the curvas obsained ig cauzed 2y the molaculss of She s
tonding part of th wager,
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A1 and."l1 are th amounts'of alconol and water z2t. She mazizunm
for alcohol-water solutions cop*alnlng g certain zmcunt of
solute. W, in this .equation is the amount of water bound to
solute. ’ o

The structur= of glconol-~water so¢utions.

The addition of & small amount’ “of a non-s 1ectfélyte*;:o xater
causes stabilization of the structurse of water [59 - éﬁl.
By stabilization of the structure of water is understood
effects connected with the passage of non-slsctrolyts molecules
into the cages of thisistructure.‘Accord;ng to Danford and
Levy [63] the structure of water /particulary its short-rarge
order/ ought to be considered as a defective ice structurs '
with partly filled cages. In the structure of ice every tage
is surrounded by six water molecules. Thus, every molscule
‘neighbors with three cages and therefore the number of cagas
in the structure of ice is two Times smaller than the numter
of molecules, In water some of the molecules form a skeleton
of cages and some f£ill up the cages [64 - Gﬂ . The presence
of non-electrolyte molecules in the cages leads to the decreass

of translational mobility of water molecules, In efllec i*
auses the decrease ¢ the selidiffusion coe:fic:ent chWater
ani changes of kxinetic and equilil riun cpertias”cz scluticn,
Tor alconol solutions sn anocmalic course ol some”properties?

¢Z solutic ion v

”~

0.03 to 0,2 mole fraction of alcchol., In Fig.?1 the aromali
course of ssversl chosen physicochemiczl paramefers in the .

n can be observed within the cencen Tratica range of
3

solutions of ethancl in water is presasnted
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from Fig.i for the dependence of perti
[e8 - 70], oo

22 -/
n ¢Ff the maximum of the luminsscence Tand
cid /2 / [71], neat of mixing / 3/ [67]

of salicylic = 571,
isothermal compressinilisy / & / [f9 73] and iscviscesifty
cocefficient of selfiiffusion of water / 3/ [G; Tas sxtrsza
can be cbserved in she concentrasion range 0.05 - C.4 k:c7 and
tra diffarences of she ccncentraticns ¢ The zexizum DPSints
Semperasures,



518C e /eurve 2/ are presented, As can be seen ‘rom Fig.2
the ultrasound velocity increases at First, resches 2 maximum
at the concentracion kmol = 0.106 and then decreases, On the
curve 0f A Vmax 23S a function of alcohol concentraticn an
incresse of the shift of the studied absorption tand in the
concentration range 0 - 0.1 kmol is observed end for the

higher concentrations this shift is constant and independent
R

~

Fig.1.

Drxn The ‘dependence of par-
{2.4 tial melar volume /1/,
- Dosition of the maximum
Eat/meie] 12.2 of the luminescence
{20 bend of salicylic acids.
1* /2/, heat of mixing /3/
200 i1.8 isotherwal compressibi-~
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The previous spectroscopic infrared investigations E?E - 73]
showed that the stabilization of the structure of wate
non-slectrolyte molecules is connected with the increazse ol
stability of hydrogen bonds tetween water molecules. Thi
effect is reflected in the shift of absorption vends in the
direction of lower frequencies. The observed order of water
i3 due 50 influence of non-polar groups of non-¢lectrolyfe
molecules on water; around the non-electreolyte molecules
associated molecules of water called non-polar group solvates
appear. This type of solvation is defined as second order
solvation [25].
Yiethematical analysis of the shift of the sbsorption band
at 5180 cm =1 assuming Gaussian character of the contiur of
this band sllowed the determination of the rean number of
water molecules in the non~polar group solvate. For ethyl
alcohol it equals 6 £ 1 [75] -7 %1 [77,7€] at 20°C and -
it decreases with an increase in temperature. The decrease
of hydronhobic hydration of non-electrolytes with teméerétur°
increase was suggested also in the investigations of isother-
mal compressibility of non-electrolyte solutions E?i] The
authors of these investigations think that hydérophobic hydra-
tion is character*zed by the slope of curves Bs L., DY
values of/’ /m*o /this is an anzlogical assumption
to that of A1law and Lee :[T4] for electrolyte solutions/. The
increase of this value corresponds to the increass of hydro-
vhobic hydration of non-electrolyte molscules, Analysing the
course of the dependence of ultrasound velocity on ethanol
concentration 2nd tempersture similar conclusioms cen Te drawvm.
A4S is known the maxima on the ulsﬁasouha veloci “y curves
/minizna on the compressidbilifty curves/ “shift in the direction
of lower concentrations with temperature lncrease. This *s
caused by 2 decresse of the 'open-work' structure of water
with increase in temperature., The amount of emply cags
/'"holes"/ which can be occupied U alconol molacules dscreasas
and the a“cun* of "free™ water moleculss incresses, Assuming
that at 0°C all she water moleculss occur in an ice-liks ske-
leton i% can be pressumed with gread procavility Shat ke
concentraticn of the ultrascund velocit
iefines the zmount of moleculss surrounding the non-po

- . S, o Aastad s -
molacule., Due 5o She impossibilify OT ceIl_nlizng J4lS o) aleT-Bokvhnd-Ty
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atisfactory accuracy /the 2rror of velocity

measurement cught not 50 excsed 2 em/s / the ultrascund velo-
' e re determined.

ts of our measurements in 3thanol-water

= . 2=0

soclutions in the tezperature rangs of 5 = 35°C arse présented.

Figl.3.
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As can ve sszen in Fig.3 the ultrasound velecity maxzimum zhifts
in the direction of lower ccncentrations of a1 ohol., The
numbers n / mole/mole / of water molecules per cne alcohol
moleculs were determined at maximum points in the investigated
temperature range and are graphically presented in Tig.4.
Extrapolating to O % temperature the value of n = 6.5 was=
obtained. The result obtained is in good agreement with the
results of infrared measurements. Theoretically za¢ O°C n snculd
be equal to 6 for the ideal crystal lattice of ice /octakzdéral
structure/. However, considering the occurrence of defects in
water structure /Frenkl and Schottky defects/, the smount of
empty cages is less and n>6 ., ‘
Porslind [79] celculated thet in ligquid water at 0°C 9 per
cent of the lattice nodes are unfilled and the amount of mole=
cules in interstitial positioné equals 16 per cent of the total
amount of molecules in the system. From the calculations which
take into consideration the experimental value of n and also
its theoretical value it is poss;b’e to draw analcgical ccnclu-
sicns. .

The amount of water bound in the lattice aft 20% calculated

on the besis of the data obbained /Fig.4/ is squal to 76.5

per cenft and agrees well with the datva calculated by Nemethy
and Scherzags [ad] using statistical thernod dynzmic enalysis of
the changeable groups of licuid water molecu es moqel.

ct

we acceps n real to be 6.6 , then at 20 °C the amounts of
und water /83%/ and "free" water /17%/ are in good agreen
logical values given oy Nemote '[81]
T
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H,

craticn at the maximum point of ultrascund velo
at OOC determines therefore the amount of waser mo lecules wh

occurs in  the solvates of a non-elec *olj,- molacule, 48

n
3 cr
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the curves. 3y extrapol
rature of 80% it is
amount of water invol

at is.
possible to approximate th
he solvates of aon-elvvtrolvue
molecules. From the calculations it appears that at 80%C less
than 1C% of the water molecules occurs in bound form, There-
fore, it is not strange that at this temperature a maximum
for the velocity curves in the water-alcohol system does not
cccur, |
The resulss Presented confirm the legit
modsl. The curves of ultrasound velocity vs., alcohol concentre
.Sion describe in a resl wsy the structure of glcohol=-natzr
solutions, The maximum of ultrascund velocity defines the
alecohcl concentration at which all of the cages of the unds-
stroyed structure of water are accupied by alcohol molecules,
The incrzase cof non-2lsctrolyhe concentration to above the
maximum vzlue causes the break up of the primitive structurs
of water, the degrez of order of the solution decrezses and
8s a result of this the ultrazsound velcecity decreases,
4s mentioned previously the zddition of any solute to the
alcohcl=water mixtures causes a shift of the veak of the para-
bola in the direction of lcower concentrations of alcokrol,
This is caused @ither by dreak up of the water structurs and
the binding of She water molecules 7r

to a temped
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ed in this way by the
solute or oy accupaticn by the solut2 moleculas of vart of
the "hcoles™ in She watar strusture. In Bobh instanc2s the

amount oI empty cagss

cccupizd oy alcchel molsculss dacrezses

o
and the alconol concentrztiocn at which the ulcrasound velecity
re

3
ion of the refsrence szoluticn is caus

+22 amount of aydraticn waSaer per smount of grams of She solubs
W, can be zalculated Sreom the Tallo ing Zcrmula /2/:
ﬂosd
” i -
[T = { -~ e pcttne.
- . /3/
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The condition for cotaining :epro‘ucib’n and authent
results of meazsurements of hydr
velocity measur=ments is the precis
mum pointe.

In.our paper f82] it was shown that in the case. o& not too
highly concentrated solutions . /;ower:than 5%/ the maximum
point should,oe aetermlned with an accuracy up to O. 2 Tl of
aloohol which corresponds to the ulSrzsound velocity chansgs
of 1 - 2 cm/s. With the aim of carrying out the measurements
with such a high accuracy the measurement system described

pelow was used. The;block diagram of this system is shown in
Fig.5.
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o> % e - y 150 »
of the velocity of ultrasonic wave.
-a - : 3 e - P P ~ e
SA - ultrasonic wave velocity meter of the Tyze Si 1CCO,
D - ey - S -1 ™ P 1 < 1
developed 0y fthe Institute oI rundzmental Tscanclogical
o - > - o2 a7 . e} 3
“,sea*vn, Polish Acadexmy oTf Scizsnces, wWarszawa, which
enavlss a2 measursmant cf relzative velocifty To e made
3 - . - A A ) - -
with an accursey of uwp o 1 cm/s, 4 = high Iosquency

O - hES b - .
resistancs auuenuacor, MDP = small=dimensicon matering

sump, Sype 333 A developed hy UNI®LN, ¥Yarszawzs, which
monisors sas flow o ethanol iato :he.neasuriﬁg vessel
with an zccuracy of up to 2.02 =1, T. and T, = Shermessacs
systems deveslcoped oy SYI-AN, Warszawd, WwRicI snsure COoOn-
sTant temperatuxe in the =measuring vessel With 2n 3CCu=
macy o 0.002%C, zzd NP - measuring vessel wiflh 2gitz-
sor and oTransmitting and oeceliving TI72nscucers 4 300 as-
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vessels

construct

of Fundamental

ces, Narszawa,was used for ultrasound velcecity m
?
igure on She waves meter display gives,

The change of the last 7

depending on the measuring vessel used, the
of the order of 0.5 - 1 cm/s. A eylindrical

anks
ion of
immersed in the thermostat and to
with an accuracy up to % 0.002°%C. A'digital velce
"sing around" of the type S4 1000 developed by the
Technological Research, Polish Academy o
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enen
change of velocity

measuring vesszl

of stainless steel which has 2 small cocefficient of expansion
/50 mm diameter/ was immersed at a constant level in th

thermostat, The tﬁermostat nad a 25 dcm3
and was powered and controlled by a tempse

capacity, double walls
rature regulator of

the type 650 and power unit of the tyoe 6;1 developed by UIIIPAN,
Warszawa. The regulator and the power unit are vart of a2 nicro-

calorimeter produced by that firm. The

unit are automaticlly controlled by a resistance
- 100 om of Engl
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concentration range of 3 to 10%: acetic acid, propicnic scii,
n—oucyr*c acid and acrylic acidi. The n, value was also deftermi-
ned for such anmoac:.f*s and amides as: 51Jc..n ot~ and p -3l2
nine, ac-aminooutyric_ acid, acetamicde, propionamide and ecryle
amide ‘at the same concentrazticn range of the agueous solution.
The aim of these messurements was to deftermine Eh" contrisu-
tion of the functionzl groups ~COCH, -NH,, =C_ NHA? -C\
to the total hydration of the molecule znd to congirm, the
previously suggested thesis [85] concerning the hyd.;ation of
hydrophivic groups as well as to determine the contribution
of these groups in the total hydration of a molecule,

The results. are presented in Tables I - III.

Tablé I. n, [mole/mol€]
» 21 ' ’-‘ - o = 'OC
C% C:IBCOOH 02-.5000}1 03:’ 7COO':1 Ey CHCOCH
5y7 | 412 | 814 10:3 ’ 6.92’
6 &’9 . . 8,3 ) : 9,6 ’ 6,8 '
8 _ 5,0 8,0 10,2 ' 8,0
10 4,7 8,5 10,1 6,3
Teble II, Ty, [mole/zols
&-zzino mia ] -
C % |glicyne |<«£=-alznine | butyric dl-valin A 'ila“"’ I“"L{,s“”"
acid ne ne
300 05,7 7,6 10,2 | 13,5 5,9 | 13,6
> 8,1 8,2 10,2 6,7 13,C
8 8,0 740 975 8.7 - 13.2
1C 5.7 7.8 '
Table IIT, D, [mole/mole]
% CHE—’JGI\E.A Czl-' ECCIﬁiz vh.-.-v---wOI\a..a
5 590 510 &,2
7 2.5 5.2 4.0
3 2.3 5.5 3.8
10 3.0 3.5 2.7




2, Determination ¢f hydration numbers of saccharides.
Measursments of hydrstion numbers [mole/molg] -using ultra-
sonic method were performed in socluticns of saccharides such

ast glycose, mannose ,
within a concentration
The resulcs of %

the meas

Tabls IV.

ramnose, arabinose, lactose. and sucross

range of 3 - 8%.
rements are collect

ed in tab

»,  [Bola/mold]

C % |glycose | mannose | rhamnose | arabinose | lactose| sucrose
3 4.9 4.8 4,0 . 4,00 | 9.1 9.0 .
5- 5.2 4.8 3.8 4.0 9.5 9.2
| 6 5.2 5.1 3.8 3.7 8.8 9.1
8 5 541 3¢5 945 8.9
20 .8
3. Deterzination of hydration numbers of olizoventides.

o, [mole/molé]

- T oA T ] -
S L3 a"‘l
= 2 - 3 - T eemd B ) o e Bl -
L R < MY T e
C 7% diglycine triglycine T
g4gClle
~ ' P4 frd
3 S 3.4 13.5
fe) -
5 8.8 13.0
P o] 12
8 S 12,0
-
8 8.3
4 Detarminat? T Aavyvdratiasn murpers T mascrorolaonlasn in
'Y ..uea.........;,u.-on OJ. -.,ff'.';."u‘.J-s pes ers -~ NBCITCIMO L2 123 1C
P R
acueqQus solutions.
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evaluate the

molecular weight
The results are pr
the ultrasound veloc

reilation bvetween the
of the molecule .,
esented in Table VI. The relation bet

nydraticn number and the

ity and the concentration of ethancl in
the aqueous solution is exewnlifled on Fig.6 for the 400 ard
2C000 polyethylene glycols.
Table VIo
polyethylene C % E
glycol 1.43 2.86 5.71 8.71 11.43 14,29
400 0.511 | 0.767 |0.894 | 1.022 1.149 1.175
1500 0.511 0.767 1.022 1.022 1.149 1.124
2000 o. 541 0.511 [0.89% | 1.107 | 1.149 | 1.175
15000 C.511 '0.767 1.149 | 1,022 1.149 1.226
20000 1,022 | 1.022 |1.189 | 1.072 | 1.149 | 1.226
C. Cyh .
(m/s) a) (m1s] “. b)
1635| | 1635 - |, 0gen
TN 1,290 b
I /i, ' e SINEUA
‘\11.1.3'/. ! v
I - TN
- 8,57%/
Ngsr v
. = A"““\‘ . -
5710/. ; 57 */a
L
’“;lzss'f TN
143%,
1615 | \CzHSOH 1815 L / -\CZHSOH
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wuzmbers of two dextranes /mcl. we*;z: 40,0C0
CCO/ in aqueous solutions were deteﬁmired at the ¢on-

icn range of 2 - 15%. The two dextranes were chosen so
iffer markedly in thier molecular weights and 1t was
d to find out whether the hydration depends on the mo-

types of compounds., The results are
The hydration numbers expressed -in
nole c¢f the -Cfﬂqoos- unit ‘are given in

weight of such
d in Table VII.

£ 820 per posi-

"tions 2 and & of the Table.
Table VII,
dextrane | C % | 2.0| 4.3 | 5.7 | 7.1 | 1.4 12.8| 15.0
11 Pn l0.511 0.350| 0.383 | 0.357| 0.287] 0.283 | 0.279
500.000| | cn?/= ol
. 2 w/zgon s6] 3.1 | 3. |32 | 2.6 2.5 | 2.5

SN

~

SN
40,000

0.511 0,340 0.383 | 0.360 0.3%25

VA

.5.1

4 m/’”...:ﬁ@n &06 3.5 3_02 2.9 30‘9 209

4,3, Polyacrylamide

Polyacrylamide ‘of varying molscular weight was prepared from
10 - 15% agueous solutions of acrylamide., The polymerisations
were carried in the pressnce of dnerhydrol in the amount of C.5
to 1 ml per 1CO ml ¢ the soluticn.
The reagents were activated by submitting the reagtion,mirture
to the action of 22 kc ultrasonic waves ¢f 3 W/cm~ intensity
Tor a meried of 15 ~ 30 zminuves., ifter scnificaftion ths zolu-
Sicns were air-freed by bubling through 3 strezm of niltrogen.
The szolutions were %then xept in tightly stoppersd flasks uv ¢
the end of the polymerisa ticn treocesses whisch lastsd swe o
twenty nhours depending upcn the cconcsnSraticn of 2crylzmide
and perhydrol and dursticn of scnifizaticn.
S¢ obtained samples were iiluted with watao and %he molzcular
weights of polyscrylamide were dztermined by zpnlyins she




light-scattering method.

The hydration mumbers of the samples were determined as previc-
usly described,. The results are presented in Table VIII. The
hydration numbers expressed in moles of 320 ver nole of the

-CHé-FH-CffO unit-are given in positions 2,4 and 6 of the
NE A
Table, For'com%ariSOn'the values of hydrztion number determined

tor acrylamide at the same concentration are given in position 7.

Table VIII’
polyacrylamide C.% 2.0 3.0 4.0 | 5.0 |8

1.478 1 1.135 | 1.C06

32,000 cm’ /g
' 5'9 ' 4-15

3 n% 1,127 | 1.018 | 0.987 | 1.189
40,000 en/e oL '
| Y 4,81 8,1 3.9 | 4.6 | 4.25

n/m mon

s,

3
200.000 {en’/g

8 miﬁ aon 3.7 2.9 3.6 M'-»'3.7

: 7 nh . : ‘: o o ‘ L P

m/m

0.930 | 1,000 | 0.914

agrylamide

Tiscussion

. . L. i
amides z2nd olizovevntidaes

4
- T e s D " > — — v e w W iy W 2t S

1. Carboxylic acids, zmino zcids

The purpose of hydration aumber zegsuremenss for carboeylic
acids, zmino acids and amides was to determine the contribu-
tions of the particular functional groups occurring in Sheses
compounds to totzl hydravtion and tto confirm the previous?v

-

suggssted thesis [83] on the hydration ¢f hydrophrobic srouvs.
o = 3 &

. . . - Y - N -

with the increase ¢f JyCTocEroen cnaln lsenglta 2nad tne gveregs
mper Taculss of naydraticn water ter zZooup =CE squals 2

aumper Of acL3cul2s QI .-,]U«.aU‘un " VIS B =S ST0UL -vf'.z" vid - e

- 3 ; 3 . * - - o Y - - 3

In order to determine the contriduticn of the functional zroups

~
o
to total hydresticn, certain assumptions wers mzde:



Py

1/ In the investigated concentration range the degr
ciation of monccarboxylic acids is 30 small sh 5
‘of ioms in the solution is not taken inuo cons ideration snd
the acid molecules ars treated as polar mol ecules. This assu-
mmion includec. also amino ac*as. . ”

o)
o

(D OQ

m

o
XY
u
|-h
(7]
wu
o

|

2/ The alkyl groups directly bound with fcar‘bo_:cyliq_grqups .'are
not hydrated.. ' T SR

The legitimacy of the second assumption is obvious if the hydra-
tion numbers of amimo acids are compareds U
If the alkyl groups directly bound with the carboxylic grouo
were hydrated, the difference vetwesn hy dration numbers of o -
and B -alanine would not be cbserved, However , on the basis
of the presented data it can be seen that the substitution of
the -NH, group in the A -position decreases the hydration
number relative to the o -isomer., Therefore, the hydrocarbon
groeup in the /G =nosition makes 2 bvasic contribution to the
total hydraticn of the .-02 alkyl zroup.
The hydrasicn aumbers of functional groups calculated on the
oasis of the atove assumpt

(D

icns are presented in Table IX.

‘2ble IX.

(&4 ]

gsroup By

OCH 5, 3-40], 2 [
-!'Ha 1 y L [ﬂ y [85]
”-Cr.g- g- 1 -2
<E;- ~e, 2 ‘L.aﬂ y [8‘"1
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the basis of the contributions of the particular groups occu-
rring in these compounds., It was assumed unat the -NH- group
which is preseant in the peptide group 'c‘~VH is hydrated by
one water molecule similarly to the --NH2 amine group.
Comparitive data are given in Table Xo

Table X.
n, measur. ny cale,.
diglycine 9 _ 9
triglycine 13 12
glycyl-alanyl-glycine 13,5 14 -
l-lysine 13 13

A3 can be seen from the above results a good agreement of the
hydration numbers experimentally determined and those which
were calculated on the basis of our assumptions was achieved,

The investigations make it possible to draw certain conclusions
gbout the way in which the water molecules are bound by the
particular groups. It seems possible that the water moiecules'
are bound by hydrogen bonds with polar groups through the free
e@lectron pairs of the nitrogen and oxygen atoms:

H H -
0/ \ .\0
\L’.'.0.0Q H/ H/

- c - - V( o)

"he binding of water mainly through the free electron pairs of
itrogen and oxygen atoms would explain in some way the small.
hquﬁaulon numter of the -Nﬁav/or ~NH~/ group and the large
hydration number of the -COCH group. On the other hand, alkgl
Toups in carboxylic acids sre most probably hydrated likawise
8s non=-electrolyte moleculss /II order hydrztion/., The cre ation
cf weak hydrogen bonds tetween hydrogsn of alkyl grcups aad -
¢Xygen of water can not vYe excepted /particularly in the case

ST

4s can ve seen Ircm Tz2bla IV the aydration numbers of sscchz-
rices depend on the amount of njﬂﬂoxy- greups cccurring in a2
given saccharide., These numbers indicate that cns hydroxyl



Toup of g&ccharide is hydrated %y one water molecule. The
resulis obtained are in good agreement with the results given
vy Shito [40,%4) and correspond with the data of other methods:
Gifferential scanning calorimetry IBéa s Qlelectric relaxation
nE [41,86] and equilivrium point of solution [87,88].

Comparing the results obtained by the use of these different
methods it should be remembered that different assunptions are
made in these methods, that the measurement temperatures are
different /up to subzero/ and that the concentration of solutions
are mostly high. Therefore, there is no ccmplete agreexent of
‘hydration number values obtained using the different methods.
‘The conclusion of Harvey et, al. [90] about the binding of two
water molecules by the -0E group of saccharide drawn en the-
basis of the assumption that the hydroxyl groups of saccharide
and alcohol affsct the water in 2 similar wsy as in pure alce=-
~hol can not be valid in view of the facts presented ahove abeut
the stabilizing influence of alcohol on the water molecules,

3. Macromolecules

The hydration nuxber #easurements in solutions of macromola=-
cules such as:i polyethylene glycol, dextran srd pelyacryl
with the different molecular weights vers to examins thke
ence of size of macromclecules on theixs hydration value,
In case of polyethylens glycols we wanted to optimiss the

ti £

concenctrations of mecrgmolscules For wiich this mathed
reproducibls resulis, as can be s2:en Zrom Tabls YT in the

-

T cesulss, ,
concentration range 1,4 - 5,7 g/100g £,0 the overall amcunt of
bounded wajer was determined from the parabolic shits and zove
values within the range 0.8 znd 5.0 ml £50. The smallsst 3ddi-
ticn of alcchol whieh causes notigeable changes in the veloeisy
maxizum of the parzbela is Q.2 ml, which gives an ecul

amouni of boundsd water squal o 2btous 0.8 ml., In cennection
E=
v

% - e ¥ - 3 = - - . » -
%¢ stavted thas if the stetal smouns of



_for this.conc tration the.results-cannot be censidered as
j'signifiﬂant. o ' i |

In order to suastantlaue .cur results measurements of longi-
tudinal relaxatlcp time T1 were carried out on agueous solu-
-tions of polyetnylene glycols in the concentraelod *anze
;given ‘above. - . . .

The inves*ieatlons were perfc*med.on.an imoulse Spln-°CPO
apparatus at a *recuency of 25 VHz using the method of ithree
impulses 180-90—180 at conssan 1t temperature 22%C. The: re’atioﬁ‘
ship between relohatzan time 7, for aqueous solubions of macro
molecules and thelr cencentratlon 15 expressed by the followini
equation: [43, 91 -%?7] ‘

1 1 :
= : .
?..E:; T_{;A'}.K c
where: T1 -~ represents the longitudinal relaxation time for .
solution, T1 ~ is the relaxation time for pure water, ¢ - is
the conﬁentra tion of solute and the K value. is proportional
to the amount of water bound with the molecu’es of the dissolf
ved substance, Water in hydration shells eosseses lower zooi=
ltj wnen compared with free water, unbounded w1th,nsceomole-
cuiz and therefore relaxzation process oflunboundeé wager
°e:omol=cules is considersbly cuicker.then that .cf water
beounded with macremolecules of di issolved substarce, IT We;’
assume that the exchange between Ires wmatern snc:ezeLeeules.
aps benaed enss
of the relaxati A
purs water., The resulis of lengitudinal :e-exstisnAeese$T1
messurement for aguecus sclutions of polyethylene glycols
with melacular weights 400, 'as 00, 2000, 15CCC Zrnd 20000 within
rangs 4 - 1C% showed that the relaxation

S S
- - - - N 1 - ‘. s
tizs is indsperndent of the pol ye:nyleae glycol ckainli=ngth.
3}

+y

fast, we mey observe the shcrtening
on Sime T4 for the solutica in relaticn to
.

the 2oncsnix

- - LY - - - -l o - . - - . . - -
It is thus ceoncluded that the smount of beund water is inde=-
2

pendent of the polyethylsrne glyc

=

s
- . 3 o e :
.2pendent on 1fs solusicn cconcenir

s - iy faha- LY
- - - ~ - PP - ~ ~ -
Ticn zpmoTer inmceErendsSncees I tase amclecular RWSLEDTS CL TOLiFEers
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#0.000 2nd S5CC.CQ0 and polyscrylamide 32.000 ard 40,000,
However, the hyd i
2Q0,0C0 were

1
soluticn polyacry

o

v

Y
}d
O
sl
i

umber values for polyacrylamide

drs

i%cle lower which suggests that in agueous
) QO g -

lamide with such a high molecular welight

Iorms sggresations or microgels:; This conclusion was rarg-
- tislly confirmed ty the light scattering measurements.

N :

u

Number of water molecules psr one‘groupi;06§1005fiin dextran
with the molecular weights 40.000 and 500.0C0O is 3 .and
correspends with hydraticn number of saccharides /Table IV/
and given by Shiio Erﬂ. Number of water molecules per cne
'CHZ'?H'C:?NH group in polyac:yla;ide with the molecular
weighbs 32.00% and 40.000 equals 4 and is the same as hydra-
tion rumber of monomeric acrylamide. It is thus concluded
that water molecules are bound with the help of hydrogen bond
vy polymer in the same way as by monomeric molecules and
ccnrormeric trensformations of polymeris with coil-ball tyze
or medial conformations do not cause changes of amount of
water bound with polymer.
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Part II. Investigaticn of hydration of casein and ifs

fracticns

]

The hydration of casein and its fractions and the hydra*ion
“of dry m¢lk golids was determined by the use of Yasunaga s
ethod uthh vas previcusly described. The dry solid mass

of-not Tat nilk was obtained using the weight method by

evapor ztion of zilk at 102°%C until a constant dry mass was

acnievad. Casein was-preparsd using two methods. The end

<~

Y

Product of cne of these methods was the calcium form o
casein -and of the other was the sodivm form. The ag,le and
+ ~caseins were ootaﬂned from the sodium form.

1/ The preparation of casein.I_/calcium form/

Ths~total}casein'fraction of unpasteurized skimmed milk
was precipitated by adding the required amount of 1N HCl to
obtain pH of 4.6.  The precipitated casesin was centrifuged off
and,wéshed with an excess of distilled water, dialyzed and

liophylized,

i

Cesein II was prepared from not fat milk by adding Cl
zoluticn in-order to obtain pE = 4,6 [1]. The casein which
vrecipitated was separated from the whey and rinsed twice
¥ith distilled water, The protein precipitate was frans-
formed into a2 suspension and N NalX scluftion was zdded to
it in order %o dissclve the casein., The casein was agsin
jebat-’ N H {

5/ he_trszasziicn of Sae Ly -g3s2in Iraction

The &g =c2s32in Irzcticn was pregarsd Ircm casein II by
dissolving i35 im 5.5 1 urss sclubticn 2mi then it was diluted
%o a ceoncentration of 3.3 % at pE +.3 - 2,83 [2]. The preci-
2isate complax of < -cazein w3 ssgarzsed from the solucion
ang again dissolved iz 2 5,3 D ureaz zziuziza. ATSer dilutiscn
ST the 3clution %o a comsensTsIlisz o 2.3 i1 u-sa, sne nreci-



pitatevéf' ot ~casein was separated and rinsed several tires
with distilled water. In the next shtage the e -csseiln com-
plex was dissolved in water with the addition of Al NaQH
solution until pH . 7.2 was reached, it was next cooled %o 3
temperature of 2 - 4 % and the o¢;-cassin was prec pi aved

by edding 4M CaCl, solution to the concentration of 0. M.

The a;-casein precipitate was separated from soluticn,
dissolved in' SM urea solution and pext diluted to & concegntra-
tion of 1M at pH 4,6, This «h-caae‘n fraction was dissolyea
in distilled water by the addition of 1N NaCH until pd 7.2

was reached and next it was precipitated by edding 1N HCL

to pH 4.6. This process was repeated three times. In the final
stage the fraction was dissolved in water at pH 7.5.2nd was
dried by Liophilization..

4/ The preperation of the -/-B —casein fraction

—— e - -

The pfB-casein fractlon was prepared from casein II by
dissolving it in 6.6 M urea solution and next by" diluting
to a concentration of 3.3 M at pH 4. 6. 3 . The urecipitate
was separated and the soluticn containing R -casein n brought
to pﬁ 4,9 , diluted threefold with distilled water and hested
to 30°C. The B -casein precipitate was separated fron solu-
tion and purified by dissolving twice -in 3.3 ¥ ures solut*on‘
and precipitated at pH 4.9, In the flnal stage the fraﬂt*cn N
was dissolved in water at pH 7.5 and dried by 1 onh*l_za*zon.

S/ The vrevaration of the _¥ -casein fraction

The 9 -casein fraction was prepared Irem casein -XI by
dissolving it in 6.6 M urea solusion and by the addision of
7N H,S0, solusion %o oE 1.3 = 1.5 '[4]. After 2-4 hours the
precipitate which nad formed was removed and :c-case.“ was
precipitated by adding /NH, /550, to the filtr

stion of 1 M. The precipitate was separatad Irom.
| 5icn, dissclved in water with the addition of 1N NaCH fo pRH
7.5 and dialyzed. Then, 1 NE COO in a 75% ethaaql solution
was added to the 4¢ -casein aclugzon unti sed
was obtained. The precipitate was separatad frcm the s oluticn,
rinsed with distillédfwater and next purified by dissolving
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Sscrange. therefore, that the resul“s of tne meesurerents for
caeeiﬁNEhn mcr drv nllk sclids ar tne same, The ‘numericel
hydration val ues. fcr casein ‘and sclids-nct—;at skimmilk ere
comparable to the llterature dats: [j] The hydration of
casein 1T occur ing ln the sodium form is areater than that
.of.caeein IT end equals ~ 0.6 ml/g. ﬂulteneously a bette"
fsolvetion cf casein II is cbserved. The 1ncrease of. bound
weter is caused by the greater ebllity of secdiun casei“ate

to d*ssociete in ccmnerison to calcium caseinete. Ionlc forms
of macromo cules w*’l in every case bind a greauer amcunt

of water than non-lcndc ‘orms. The comnadlson of the hydration
of @3, p; w-casein frect*ons end casein II leads to the conclu~
sion--that also in this case the numerical hydration values

are almost identical. Some small differences can ‘be noticed
between at- and Ia-casein and between -cesein. These .
observed differences lie hewever within the measurement error:
/~ 0. ml/g /. The results should be accepted as probable

because, according to Rese et al. [3-8], into the micelle
contents of casein enters suetistlcelly about 50% m:-casein
35% f3~cesein and 15% !nt-casein. Accepting that the hyd
tion of tot al casein is an additive wvalue reletive o the
hydration cf its partlcuTa* fractions, *“ seenms’ ocv*ous that
the casein fractions have numerical hyddat on ve’ues sim*ler
5o the hydraticn of total casein. The qualitative ddf*e"ences"
in the nydrations of &3, - and 7c-cese_n would indlcate theu
the o, -casein forms the Internal part cx tne m*ce’le and
on the other hand the fractions of pg- and -ec-caseln which
have greater affinity for water appear rathex in tne exec-nal
spnere of the micelle. The abeve conclusion agrees: ‘with the -
model assumptions of casein micelle given by‘fayen,end Rose

[5,7] .
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Part III. Model ~pve=tlzatwon of the detergent-cazsein
interactions

“The nature of.the 1nteractions between proteins and amphi-~
phatic suosta ces is easentlal for many conditi cn%:Qf impor-
tance in biologlcal systems. - a
The prevaiTing investigations of . detergcnt—nrote;n {ﬁ 2],
lipid-synthetic pollﬁeptldes systems-[3] and systemsiof .-
nolJmeﬂ-qete*gent 'show that the specific interactions afw'
formed bet ween protein /o“ polymer/ and detergent‘,ihe effect
of these interactions is the binding of a part of the deter-
gent molecules by a mecromolecule, This causes visible changes.
in the cdncentration;dependences on the sugfacé tensidné, the
conductivity, the viscisity etc. and can be obse:véd‘in‘tﬁe'

IR spectra. Detergent-protein interactions have- ﬁainly"bééh~
studied with the use of sgn*hetic anionic alkyl sulnhates

and bovine serum albumin. Less is known about’ the lnteractlonei
between cat*onlc detergnnts and proteins and betmeen prote_ns
and netitrel deter gents. The interactions between. detergents»ff
and casein have not yet been studied. This stuuj pre5°nts .
investigations of the bindings of casein with dl*fe nt tyoes
of detergesnts: cationic, anionic and ncn-ﬂonlc. The resu‘ta )
of these investigations can be helpful in the unaevs nﬂzng
of the mechanism of the interactioms of milk lmbics with the
casein micz2lle and of the influence of the ouanticy-and the

g lirids on the stabilization of the mxce;We and '
conseguentially on the stabili;ation of milk and. its*p:dduct .
h ' by means of threa' asarem=ns

surface tension snd ulks sounﬁ'

- : < @ ~ b . N :A'q : . 2o -
1. Interaction of casein with_cationic ernd non-ionic detergsnts
= == S22 BEaTiazTos

—— - — ——— —

-4

studied Dby equilibrium dizlysis_method and surface_tsnsicn

—--—.-—-——-—-—,——_-————————-———_‘ - — —— T — —— S —— —

J
devergents with different hyaroca*oon chain langth suck as

sein and vindin

ion method.



1+17. Matesrials and methods

The following reagents, ocbtained from the indicated souﬁces
were useds fat free casain /BDH, En@land/, myglcbin, 2x cryst
chymotrypsinogen, 6 x cryst., g -lactoglobu’in, 3 x chst.,
ovalbumin, 5 x cryst., and bovine serum albumin,’ cryst.,

/were all ourcnased from Xoch-Light, Colnbrook England/
Blue dextran aand Sevhadex G-~150 wer nurchased from Pharmacia,
Uppsala, Sweden. The n-salkylpyr idinium brcmzdes were sgntbe~
sized from ultrapure alkyl bromides, purchased from Eastman~-
-Kcdak, Rochester N.Y, USA, and pyridine in alcochol solution
‘according to the method of Czarnecki and Kowal [6] . The
alkylpyridinium oromides were recrystalized six times from
boiling acetone and stored in a desicator over solid hydroxide
The decyl @ ~D-glucoside was synthesized from spectraly
bure decanol /from BDH, Zngland/ end glucose according to .
*Noller and Rockwell’s methed [7]. DeG had been recrystalized
three times from ethylacetate and the product gave elementar
analysis. Hygroscopic DeG was stored in a desicato& over
solid sodium hydroxide.

03 s

Initial gugzglgagign_og casein. The purification procedure
was carried cut using a column /5 x 1CO cm/ of aeu“aaex G—st
equilibrated with phosphate buffer, pE 8

0.1, containing 0,02% Naly at 5°%. The pr otein was u
in phosphzte obuffer ard stirred for 1 h and ultradent
at 10CCCA x G for 30 min., The supe

column and the elution was carried ou

Fractions of about & ml wers ecte
about 80 ml/h. Two peaks of p otained /gase&“ T
and II/. Fractions containing casein II wvere po

Deen used in furthsr sxperizents.

L I ¢
[0]
)
-
&)
T

2 - dcdecylpyriiinium oroiide,

M - s
TIP3 - te aec*;py: .

- decylzlucoside



Analytical_gel filtratiocn gn~Sgpgage§'§-159. A Golumn /1.4 x
x 100 cm/ was equilidbrzted with phosphate ouffer, pE 6.8,
ionic strength 0.1, cohtaining 0.01% NaNB. 1 ml of the prepa=-
red casein II /see above/ was applied to the column. The column
was calibrated with the following markers: myoglobin, chymotry=—
psinogen, f -lactoglobulin, ovalbumin and bovine serum zlbu=-
min, Samples of each protein /10 mg/ and Blue dextran were
dissolved in 1 ml of the equilibrat;ng buffer and'leyefed on
the top of the column, The elution was carried'oﬁt'withrthe
same buffer at a flow rate of & ml/h. The concentration of
Blue dextran and proteins were detected by using flow sbsor-
ptiometer Uvivord /Sweden/ at 280 rm,.*
Equilibrium dislysis. Cationic detergent bxnding measurements
were carried out by the equilibrium dialysis method using a
shake Teflon dislizer consisting of 32 units. The ecuilibrlum
dislysis was carried out in nno*pnate vuffer, pH 5.8, 1on1c

strength 0.1, containing 0.01% Nall;, at room temne“atu‘e.-
Non-ionic detergent dbinding = asnremants were carried cut in.
the seme bufisr dut without I Naﬂa at 10 C.‘The Vist ing m=:br=ne'
was placed in boiling water for ons hour and rinsed thorough
with distilled water. One side of th= dizalysis unit was £illed
with 1 =l of proteirn sclution and the desired concentrs ation
of the detergent /1 ml/ was placed into the other side of
the dialysis unit. The =zmount of the detergent bound -to pro-
tein was galculstad by determining the concentrztion of the
detargany in the outside provein scolution vefore znd after;-

e

dialysis. 4t deterzent concentration below the CMC, 48 hours
was enough to afrain equilibrium. The c23 =.n ccncentrat1~

were determined by the zethod of dowry‘e* al, {5} using bo*ine'
serum albumin as standard. The concantratian of alkylpyridi- '
nium bromides was measursd spectrcephotcmetrically at 257 zn,
which is a cnarsctaristic band for pyridinium ring, using
czlibrztion curves preparsed Ifor sach detergsnt. , ‘
The concentration of DeG was measured by the sntron method £93
using 2 calibracion curve within a concentrzticn range vet
1672 mola per liser 2nd 2 x 10 =3 nole per 1li
lle_concentraticn_ /CKC + The C¥C s of alxylpyri-
e ce

s zand DeG were determined dy th
o

-~

thod using a sctslagmometr at 2



The CXC values in a phosphate buffer, pH 5.8, ionic strength
0.1, of OPB, De?3, DFB, TP and DeG were 5 x 102, 2.8 x 1072,
1.0 x 10'2, 9.0 x 10~ and 2,1 x ﬁo'3 mole per liter respecti-

vely.

cationic_and_non-ionic detergents. Surface tension measurements

were carried out using two methods: the drop weight method .and
q;lhelmy slide method. Surface tensibns”of pure casein solu-
tions were determined as well as of m;xtures of casein with
decyl- B -D-glucoside /DeG/, dodecylpfridinium bromide /DFB/
and tetradecylpyridinium bromide /TFB/., Calculated values of
surface tensions in [§yne/c@] of all solutions are presented

4in table I,

1,2 Results

Table I | r [dyne/cn]
casein | . 1% . —_—
. 49,98
decyl- 8 -D- 0.048% _ 1 0.12%__ t 0.16%__ ¢
-glucoside A .

DeG . 1 28,35 | 26.68 26.€8
rcasém - DeG S
' dodecylpyri- L.8=_0.,015% -2 A 1 Q.03 5 S P

dinium bromids 70.81 89,99 65.83 58.43
fé::::g.‘:g::::::: R LT R SN S S
casein - o3 [.0:2810.0%6x |  o.m:gom
SESSSTI=Tz=ssscoo :====g§.:‘:l.§.= =====_===:==‘_:‘:__%15g ***********

tetrsdécylpyri—r e=_0.01% | o0.02% ___0.05% | C.1%
3 - == ey

dinium bromide [g37os | ez.62 50.86. | 33,20
casein - 7ry [ -9:2%_: 0.01%_ - ---8.3%_: 0,023

1.3, Discussiecn

1.3.1, Interaction of casei i
equilibrium dialysis zethed.

m Fy s >
The g=1 Piltration of casein g3vVe TwWe protein i
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e preotein dﬁslgnatnd as cesein I was eluted 2t the void
" “volume~of-~the column and probably results from the sgregation
of protein. Recnromeuog:anh of caseln Il on analj“*c al
Sephedex G-150 - column /Fib.c/ also gava two oeaks. 'The mole=-
‘cular weighz of casein elutea it pea& II obtal nea by the
‘method of Squiré was 75000 /Fig. 2/ |
HBindlng lsetnerm. The ‘binding of ,TFB .,and DF3. in uhe Dhosvhau-
buffer, pH 6 8, ionic: strength 0 1 au room temneratu*s, to
nat*ve casein-as. a function-o* equllibr un detergent concentra-
tion is shown in rzgur=s 2 and L resnectlvelj. The slope of
the b.nd.ng laotﬁeﬂms for 7D8 changes &b 6oint~A /?i;;i/ at
which the number of. detervant moles bound per mol of Drote
7, is sbout 30. f%" A : .
lieviation from li“earlty at hzgher v values °ugg=sts a so-
cond set of blndlng sites on proctein molecules. The”e are
plateau regions both for TPB and DFB, de31gﬂaued es B’ and c
r=spnct*vely /Pig.3 and 4/. The binding in the ‘plateau
ragions /B in Fig.3. 2nd C in Fi G.4/ of TFB znd DFB can suggest
conformational changes in the proteln olecule.
T2 bindings of DeF3 z2nd OFB at room temn=rature and cH . 8.‘
icnic strength Q0.1 &as a function of the ,aetergnnt con: enura-
tion in eiuil*brium are shown in Figur es 5 and 8. lhé diffe-
rence betweern DePB 3snd CPE is not re*arkable and tze slopes -
of the isotherms slightly change 2% dncer~=1u co“centraclonsf
cuvroximately ecual to their CMC.

3 W

"h: longer the nydrocarbon ckhain of elltyloy rzd-n-ul brom;ces
the lower the concentration of free devergent in equi-;bl;'«
required to obtain the same lsvel of binding. ' o
The binding isotherms for decylgluccside szt 40 C are ahUWﬁ
in *ig.,?7. The average number of detergs

13
o
£}
o,

c&les oound,
7 , increases with the increase of detergent” goncentration
n equilibrium. AS can be seén in Fig.7 binding of Deﬂ gcgour
al

at a Da( concentration very clese to its CMC wvalue. _

The correlaticn between binding and hydr-ocardon cha ' léngth
oT alkyl_yridinium bromides suggests that bindizng énérgy is
d_-ived from nydrophobic iaterzcticn.

On the other hand the result of non-icnic detergent tinding



Fig.1. Sephadex G-150 gel filtration of casein, The column

was equilibrated with phosphate buffér, pH 6.8,

ionic strength 0.1 contaiming 0,01% NaNB, and elua=-
ted with the sane buifepr, '

§
S
N
3
§
S
3
b d
<Q
<
0 20 40 60 8¢ 100 120
Fraction number
Fig.2. Molecular weight determination of casein IT using
Sephadex G-150 g2l Ziltration, 4=plots of the coeffi-
cient Ve/Vo versus log of molecular weight are given,
The elution was perforned with rhoschate buffer, pH |
€.8, ionic sSrength 0.1, marker protuins:1-myoglobin,
2~chymotrypsinogen, - B ~lactogiobulin, 4-ovalburin,
S~bovine seruam altumin, R-Zephadex G=1320 zel filtra-
- tion of casein TI.
L 3 A
B bemat‘ry,o:z’nagen A
29 r B -dactoglodbulin
§. 3 Ovaldumin
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1 MW=25000,
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Fige3a. Logari thmic plot of the b_nding isotherm of casein’
at room temperatura and nh 6.8 with tetradecylpyri-‘
dinium bromide ,
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Fig.4, Logarithmic plet-of tre b.na_.g isotherm of casein
at room temperabure and pE 5.8 with dedecy Ipyridi-
nium bremide
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the binding isothernm o’ case n
with decylglucoside..

Fig.7. uogarl*bmic:;lc
at 10 C and pE

t of
5.8 w
The average number of cationic detergent molecules, such'as
alkylpyridinium bromides, bound to casein is;gﬁ the seme order,
as the number of anionic detergent molecules,”such,es_alkylé

sulphates, bound to bovine serum albumin, : However,:this
ocecours for the cationic deterzent and cesein. .at’ 10 fo ld-»'
nigher concentration than is recguired for alkylsulphéL s with.

corresponding hydrocarbon chzin length. On the other hand the

vinding of DeG to casein is comperzble To the binding of so-

dium decyl sulphate 5o bovine serum albumin [5].

1.3.2. Interaction ¢f casein with cetionic and neon-iorn
detergents studied by surface tensicn method.



from the depths ol the solution to She surface causing &
decrease in surface tension of solution., The results of surfac
tension measurexzents confirm the conclusions drawn from studie
of casein-detergent interactions using the equilidrium dialy=-
sis method, '

2. Interaction of casein with anionic detergents_studied by

- S S S S R - T G T T -~ — — T _— T~ —— — W —— a— —~ —— v e > - D~ o

surface_tension_and ultrascnic_mebthods

2.7, Methods

-~

The measurements of surface tensions of the solutions of
casein with slkyl sulphates and with sodium derivatives of
carbvoxylic acids with alkyl chains containing 7, 9 and 11
carbon asbtoms were carried out' by the use of the drop weight
method. The measurements were performed in a wide concentra-
tion rsnges, Jor concentrations higher and lower than the CMC
of these detergents. The measursments in the concentration
-range higher thsen CMC were thersfore possible to perform
because on the contrary to the cationic detergents, alkyl
sulphates and carboxylstes do not cause the precipitation
of ceasein at a high detergent concentration. The measurements
o ultrasound velocity in the solutions of casein with alkyl
sulphetes and carboxylates were performed with the apparatus
descrived previcusly /part I/ at 25 £ 0.01% using the same

soluticns which were used for the surface tensicn measursments.

W]
O

2.2, Materisls

The following alkyl sulphates were used for the measure-
ments: sodium dodecyl sulphate /3DS/, scdium dec
/SDe3/ and sodium octyl sulphate /3CS/ which were made oy
Zastman ¥odak Co. Sodium carbexylstes such a m

n
(1)
w
O
Q.
ke

/18/, sodium czprinats /CnsS/ =2né s
synthesized Ircm the correspeonding car
Inferneticnzl Inzymes Limiced,

¢

e S A A e - s
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The curves of the surface tension as a function of the
detergent concentration fur the solubtions containing zacromo-
lecules have two characteristic pgints[?,i]. The first point
is -considered to be the detergent concentration at which the
adsorption process /binding process/ begins and the second
point 1s considered to be that at which the binding of maximum
amounts of the given detergent molecules bj the macromolecule
occurs. For the concentrations higher than at the second
characteristic point the surface tensions are the szme as
those of micelle solutions of the same dete rgent. It can be
supposed therefore, that after complete saturation of the
macromolecules with detergent the further addition of a surface
active substance w;ll cause its micellization. The second
charsctehlstic point on the surface tension curves can thare~
fore be considered to be the critical micelle concentrati
of a given detergent in the presence of active macromolecules.
On the ultrasound velocity curves the CMC is determined by
the point of intersection of two straisht lines to which the
experimental results obtained for concentrations considerably’
higher and lower than CMC can be extrapolated [11,12]. 4s can
be seen in Figs.8-11, the addition of casein to the solutions
of all anionic detergents studied causes the shift of the "CMC
in the direction of higher detergent"qgncentrations. Effects
of a similar'type were observed for systemS‘of several poly=-
mers with alkyl sulphates [&,%]. The effect of broadening of
ultrasound velocity and surfzsce tension curves with the;i: -
rease of the amount of protein in She solutions.can be CIéérljf
seen. Accepting for a sure thing the > fact ‘that the CMC shiftf
15 connected with the formetion &F a complex'from the mac*dQ
molécuﬁe end part of the detergent molscules, thea £ rom the
difference betwesn the CMC of sole detsrgsnts and of the
tergent soluticns containing casein, the amcunts of the =

<

de

e rcchWa“ detergsnts bound with a2 cerfain zmcunt of p:otein

can be determined. Iz Tables II 2nd III the critical concen-
ions wit '

trations of micellzrizaftion for particular scal
ell g

casein and withcut czssein are presents
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the surface tensicn and ultrasound velccity measursments



vy and the CMC walues for the detergent
Tein obtained from ultrasound measure-
et gre Yhe literature data [[0-12]
han are the analcgous data obtained by means of the tensic-
trasonic method should be used especially
ir the case of the detergent solutions containing the greater
amcunts of casein /~ 1%/ because surface tension curves are
50 strongly broadsned that it is practically inpossible to
datermine the CiLC point, whereas on the ultrasound veloeity
curves this point cazn be determined &uite exactly. Therefore,‘
the results obtzined from ultrascnic measurements were used
for the determination of the CiC resulting from the presence
of casein in the solution.

Tevle II.

CnMC Em/l]
% of casein 0% 1%
sodium - =2 -2
iaurate sound velecity 2,70 « 10 2.88 ‘ 10 =
SL | surface tension 2,22 o 10'2 2.40 o 10-2
shift Cu 1.8 « 1072
% of casein 0 % 1% 1
sodium > =
. S 3 3 3 b ) - ~ - h
caprinate sound velccity 11.2 « 10 2.2 « 10 |
- . . - -
SCn surfzce tension 3.8 » 107° 3.8 » 10 f
Shift CHC 1.0 + 107°
::::::::::::.3::::::::::::2::::::::::::::==:::::::5::=:==:::=:::;
7 of cazein 0% 19
sodiun
caprylate sound velocity 39.5 « 107° | 41.0 . 10°2
oy " . i -
sC1 shift C¥ 1.5 « 407¢
::::::::::::::i:::::::::::::::::::===::==::::==:=::=::::::::::::




g o, e @/
‘ ‘ "‘;%;of casein{ 0 % | 0.2 | 0.5% 1%
sodium dodecyl | sound - 8. 10"5 12. 1072}17.107°| 26-1077
sulphate - | velocity | S A
SDS - '"vf "surface - . il‘ . -3 f-“f.'a -
o ‘tension -, 3[12e10-7 |18-70, 25:5+90 7
S O | #e1073 | 11073 71,8107
i . : . -
e S i s e e et s
%.of.casein| 0 % Q5% | 1%
ium 4 | sound -2 =2 =
spdfpm agcyl | “Yelocity 3+3+10 3,710 T 4,510 |
sulphate | “surface | o o
Shift of . T -
| ciic | 5 .1072|1.2 +10™2
""""""""""" B "72"55'555525 “o#  |o.sm  pa
sodium octyl | sound 13 610"2 13,8102
sulphate veioczty | _
7 shift oI e 103
::::::::::::::::F:::::::::::=::=====::===================:::=====

s can be seen in Tables II and III the sizes of the CMC shifts

sre dependent on the alkyl chain length of dstergent znd the

influence of the chain is d;:ferent“depaﬂd*ng on the sindﬁbfu

: onogenic group mhich is bound to this chain, In the case of
alkyl sulphates the 1nte"acuicn vetween de*e*gent and casein

becomes sc“onger with the increase of the alkyl cnaln ée gtny

the number of detergent molecules dound with casein also inc“e-

ases., A similar effect was cbserved by irsi e: 3l.~[5 for

the solutions of alkyl sulghates with polyvinylpj**d’idiné.

in cpposite influence of the alkyl chsin on the strenth of the

irteraction tetween detergent and casein was obsegﬁéi'ior‘tha'

sodium derivatives of monccarboxylic scids. The number ol
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of the casein micelle will occur mainly at its hydrophobic

" part where the weak interactions between water molecules and
alkyl chains of protein /hydrophobic hydration/ occur, Water
can be remcved from the surface as well as from the interior
of the micelle. In consequence the hydrocarbon chains of
detergent have the possibility of penetrating the micelle
interior and forming specific hydrophobic interactions with
the hydrocarton parts of casein. If the alkyl chain of deter-
geﬁt is-longer the hydrophobic interactions are stronger and
the number of detergent molecules interacting with casein
becomes ‘greater. The influence of the ionogenic group of the
carboxylates on hydration of the surface as well as of the
interior of the casein-micelle is far weaksr. Consequently
the alkyl-chains of the detergent will have a more difficult
approach to the micelle interior because simultaneously there
will exist repulsive ferces caused by the nolecules of the
water which has remazined in the interior of the midelle.

This effect will increese with an increase of the chain length
of the alkyl carboxylatey Accepting that the molecular weight
of casein equals 75C00 /see page "33 /, the numbers of moles
of alkyl sulphates bound with ore mole of casein are of the
szme ordsT 2s the numbers of the molecules of these same dater-
gents bound with albumin [1].

Conclusion

Casein interacts with all kinds of detergents: anionic, catio=-
nic snd non-ionic. The specific interactions of dstergents
with czsein depend on the penetration of the alkyl chains cf
detergents in to the intericr of the casein micelle wish
simultaneous dehydératicn of the interior, Similar interactions
cen be expected in the case of lipid-casein systems cccurring
in_milk and its products, '

[54]
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Part IV. Investisations of the souring process of not fat
milk '

The souring process of milk was studied by the use of ultra:
sound velocity and p= measurements ag 25°C. The measurements
‘were carried out in fresh milk one hour after nilking and in

resh milk after being kept for 24 hours in a thermostat at
5°_C. The measurements were also performed on bottled milk
which is supplied to the cconsumers usually 24 hours after
nilking and is pasteurized technologically. The results are
presented in Fig.1.
- C
(mis)

1529 ! o fresh milk.

- a milk kept for 24 hgurs at 5°C

precipitation
point

1528

1527

Figt. U’T:crascund velocity and pH wversus storage time of
milX,

during the firs 7 milking =
ficantly during the next 10 rours and 3f%2r 1€ nours of
thermcstating at 25% antil the nomens of souring /20 h urs/
vng.lzcrease of ultrasound v2lccity is zuisza censiderable and
equals atout 0.5 m/s dvring 1 acur. The values of ulSrasound
valocity measured Tor Irezh zillz and for =il thermoscataed
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previously for 24 hours at 5°C differ little. A similar
course of ultrasound velocity vs. storage time at 25°C coi~
nciding almost in the entire range with the lower curve was
‘obtgined'fqr'bottled'milk which was previously pasteurized,
The comparison of the courses of ultrasound velocity and pH
showes that the increase of ultrasound velocity is proportio-
nal to*the decrgasa of pH in milk, so the increase of velo-
-eity iéféonnected'withzthe increase of the concentration of
the souﬁ'cvmponents of milk which form mainly during the
fermentation proceséeS‘of lactose, With the aim of corrabo-
- rating whether the above conclusion is true the measurements
of ultrasound velocity and pH in fresh not fat milk to which
acetic or lactic: acid was added- were performed. The results
are presented in Fig 2.

’ A,c
(ris) }

- g

5 & A

Fig. 2 Changes of ultrasound velecity A v versus changes
of DA occuring in millk:
o —durirg ths st orage. proecess of milk
Xx,0 -as a resulf of the addision of 0.36 n lactic acid
o -8s a :esult of the addition of 0.4 n acetic acid
A - as a result of the addision of 0.2 n acetic acid

AS can be seen in Fig.2 ultraso ound veloci%y incresses with
the decrease of pH in milk onl
b

y during the storage procsss.
However, the addition of c i

zacid c2uses of course &



p.

ecrsese in the pH of milk but in spite of these pH changes
from 6.6 until the precipitation point the ultrascund velo-
city almost dces not change. In the case of the addition of
acetic sc¢cid e rather marked decrease in velbbity is observed.
This decrease is higher for acetic acid of lower concentra-.
tion. This is connected with the greater dilution of milk by
the titrzting agent. The results of measurements indicate
that the increase of the concentration of acids forming in
nmilk as s result of Zermentation processes has not a great
~influence on the observed ultrasound velocity changes during
the storage-process of milk. It seems true that the main
Tactors which cause the rapid increase of ultrasound velocity
of milk in 3 given pH range are the processes of rearienta-
tion and increasse in the order of protein mecromolecules.

The shape of the curves of ultrasound velocity vs. storage
time in the pH range & - 5 is similar to that which was obtai-
ned for surface active substances near the CHC [@,2]. It can
be supposed that the physicochemical processes which occur
near the precipitation point of protein are similar to the
processes which are observed in the solutions of surface-
‘-active substances in a concentration range near the CMC.

Litersturs cited

-

(f]  Shigenars X., Bull.Chem.30c.Japs
[l Juszkiewicz &., unpublished data.

~
~ | /:
!‘ s ; V7
%/{ L { / c - “_ ‘b <o,
- O S - T
Zrcfgsecrory-3.2Zazior Professor ,r. JFojtaszek
.t I3 g - 6 -~ i
Frincipal Investigator Director cof the Institute



